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This invention relate.s t silica-organic nitro- 
gon base comp0sitions and proce.sses for produc- 
ing them, .and_ is. more particularky directed to 
stable s.o]s and v¢açe-d_i_sPersible, solid .products, 
in both of which si!ica, ruade, upof dense, ultimate 5 
partic!es 15 to 130 mi!limicrons in diameter is 
timately mixed with an orgarfic nitrogen base in 
which each organic substituent on the nitrogen 
atom contains, nO carbon atom farther- removed 
from the nitrogen-than 5 consecutive carbon 10 
atoms and the total number of carbon a.toms 
tached to the nitrogen exclusively through carbon 
is hot more than 4. rimes the number o.f substit- 
uent gyoups, the s01s sAditionally containing 
ter, and is further direced fo processes in which 
intimate admixture of a. sflica and a base of the 
above-described ty_pes i.s effected in water fo make 
the sols,, and- a suflicient portion of the water is 
then removed to. make the solid products, 
Silica in the form o£ submicroscopic particles 20 
has many important, nses. In the treatment of 
textile filers fo impart, slip .resistance,. as a filler 
ir rubber, as .an. adjuvant to fioor waxes for im- 
proving slip resistance» and S a.pig.mert in paints 
for special uses, for instance silica in sueh: sub- 
micr0scopic form has: advanageonslY been nsed. 
Customarily. the silica bas been. added in the form 
of an aqueous sol, becanse in the state, of sub- 
division desired a dry sflica-product would be 
 difficult to handle in large quantities due to. dnst- 0 
in, Furthermore, for the bove-mentioned uses 
and others, silica in such forms as glass, qartz, 
or sand cannot be disi.ntograted to the: desired 
fine particle size by mechnica! grinding except 
ai prohibitive cost; henc6 chemical means have 
been employed, and.one of the most practicable 
forms of product to obtain, by. chemicl means is 
the aqueous Sol. 
The aqueous sflica, s01s-hitherto known bave 
been expensive to.ship handle, and store ,because 40 
of their large water content. Concentrations of 
SiO2 much in excess of 20 % bF weight have been 
unstable against, gelling; hence if hs been necesr 
sary fo handle about four parts of water for each 
part of. silica, lecently, stable sols have been 
prepared containing S0% or, more of silica, by 
processes comprlsing addingincements of slkali- 
stabilized sflica sol to a heel of sol whfle evap- 
oratin water ai elated temperature until 
parts by weight of silica as increment hve been 0 
added per part of sitica orig.inally present as heel, 
as described in Bechtold and Snyder application 
Ser. No.. 65,5S6, filed December. 1.5, 1948 now Pat- 
ont No 2_,574,902. When such_ alkali-stabilize.d 
sols., are. conc_e.ntra.ted much beyond- about. 40 % 

2 
SiO2, however,.they set.irreversibly to gels. Also, 
the sols are detrimentally affectec by freezing; so 
that hea.ted storag¢, and shipping facilities are 
required during winter, weather. 
Even a. small., amount.ï alkali interferes with 
some uses for sflica sols, and. this disadvantage 
cannot., be corrected merel by neutralizing the 
alkali with .an acid because: salis which act as 
electrolytes are. thus formed and electrolytes de- 
crease the stbility of the sols. In my copending 
application Ser. NO. 97,090 filedJune 3, 1949, now 
abandoned,, of which the present application is a 
continuation-in-part,. I bave described processes 
for removing electrolytes from sols containing 
silica particles having an average diameter above 
10 millimicrons, the: processes.comprising treat- 
ing the sol, first, with a. cation-exchanger and 
. thon with an anionexchanger. The cation-ex- 
changer may be in combination with an organic 
nitrogen_ base such. as. a quaternary- ammonium 
base or an organic amin6base,and may thus re- 
place the sodium of . a.. sodium-stabilized sol by 
ion-exchange reaction. The organic nitrogen 
base may, alternatively, be added fo the deionized 
sol. The-present application is directed to this 
aspect of my above-identified prior application. 
It is-therefore anobject: of the present inven- 
tion to provide processes æor- producing novel 
aqueous silica sols: Another object is to provide 
such sols, in v/hich the silica is present in the 
form of dense ultimate particles from 15 fo 130 
millimicrons in diameter and there is no. sub- 
stantial amount of alkali metal base or. electro- 
lyre present. Ano.ther object is to provide such 
sols which are hot detrimentally affected by ex- 
1Q0sur fo temperatures below the nomal frezing 
point oï water. Another object is to provide sols 
which are stbilized by the presence therein of an 
organic nitrogen base,. Another object is fo pro- 
vide novel solid pr0ducts which are readily re- 
dislersible in water and which contain upwards 
of 50% by weight of silica in particulate form, 
intimately mixed with an organic nitrogen base, 
and to provide processes for making such prod- 
ucts. lurther, objects, v/fil_ app.ar hereinafter. 
The foreg0in and o£her objects are accom- 
plished, according to this inv_ention by making, an 
aqueous djspersi0n of silica, in the form of dense, 
ul.t'Lmte particles 5 fo_ !0. millimicrons i.n diam- 
e.ter, and intimately, mix-ing with this dispersion 
an oranic, nitrogen base in. which each organic 
substituent, on the-nitrogen atom- conains no 
carbon:atom far£her removed.from the. nitrogen 
than 5. conecutive carbon atems and the-total 
murnber, of, carbon .atomsL. at£ached: fo the rfitro- 
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gen exclusively through carbon is not more than 
4 rimes the number oï substituent groups, where- 
by silica sols which are stable af high concentra- 
tions and over wide ranges oï emeraure are ob- 
tained, and are ïther accomlished by rmov- 5 
ing a sucient portion of the water ïrom the sols 
to make solid produc, the products beg read- 
ily redispersible in water fo ïorm stable sols. 
The products of this invention may contain an 
unually high concentration of silica. The sols 10 
may have a silica content in excess of 50% by 
weight, and the solid products may contain as 
high as 0 % SiO or even more. The savings in 
shipping and handling charges on such concen- 
trated products, in contrast to, say, 20 % SiO sols, 15 
will be readfly apparent. The solid products are, 
from the practical vieot, "soluble" in 
waterthat is, when they are added to water the 
silica is redispersed to form a stable sol with no 
more dculty than  encountered in dissolving 20 
a truly soluble material in water. 
The products of the invention enjoy the fur- 
ther advantage that they are free of alkali meta] 
ions.  desired, the nitrogen be used in the 
produc may be volatile, as is the ce with 25 
methyl ane, and this may be boiled off ai the 
point oî use of the silica products, whereby a sol 
or soHd sflica product substantiaHy free 0f 
trolytes is the timate form of the silica. This 
ïreedom from alkali meta] ions and ability to be 30 
free oï electrolytes is highly advantageous in cer- 
tain uses such .as  the manoEacture of phos- 
phors for fluorescent lighting tubes and in cata- 
lyst manufacture. 
The products of the invention have the ïurther 35 
advantage that they are hot detrentaHy 
fected by wide changes of temperature. At low 
tempeçaturesbelow the normal freezing point 
of water, they either do hot freeze, or if they do 
freeze, they redisperse to form stable sols upon 
thawing. On the other hand, they may be heated 
to 95  C. indeflnitely without precipitation or 
gellg. 
THE SILICA DISPERSION EAD 
An aqueo silica dispersion for treatment with 
an orgac nitrogen base according  the pres- 
ent invention may be prepared in any mater 
capable of giving the desired degree of subdivi- 
sion of the silica in the form of dense, ultimate 50 
particles. It will be derstood that the ultimate 
particles of sca need hot necessarfly be asso- 
ciated into chains or loose, open networks, but 
whether discrete or associated, the individual 
particles will be dense and wfll have an average 
diameter in the range from 15 fo 130 milli- 
micro. 
The silica dispersion used as the starting ma- 
terial in a process of this invention need hot be 
a stable sol, since the treatment with organic 60 
nitrogen base will impart stability. It is su- 
cient M the dpersion is a suspeion of particles 
of a characr such that timate mixing with 
the organic nitrogen base caff be effected. 
The ultate particles of silica in silica disper- 
sions fo be treated must hot be too sma]l, and 
must be dense. The coon silica sols made by 
neutraling sodi silicate with an acid contain 
particles which are too small or hot sciently 
dense to use without fther treatment. Simi- 
larly, a siHca sol prepared by ion-exchange, as 
 the Bird Patent 2,244,325, is composed of 
silica particles well below ten millimicrons in 
diameter. This sol and other similar sols pre- 
pared by prior art methods and which have small 

diameter particles are qulck]y precipitated by a 
change in pli to form a gel. They are accord- 
ingly unsuitable for use according to the present 
invention until further treated. 
Now the silica sols of dense particles which if 
is preferred to use according to the present in- 
vention may be ruade by heating a silica sol, 
prepared by ion-exchange in the manner de- 
scribed in Bird 2,244,325 and stabilized with a 
small amount of alkali, to a temperature above 
60 ° C. and adding further quantifies oï the same 
type of sol until at least rive rimes as much silica 
has been added to the original quantity as was af 
first present. The product thus produced is stable 
aiainst gelation at the pli of the present proc- 
esses and it contains discrete silica particles hav- 
ing a molecular weight, as determined by light« 
scattering, oï more than one-half million. The 
partic]e sizes can be ruade in excess of about 
teen millimicrons and-may range upwardly to, 
say, about one hundred and thirty millimicrons. 
ïïae partic]es in a particular sol are surprisingly 
uniform in size, but the size can be varied depend- 
ing upon the process conditions under which they 
were formed. The process as above outlined 
fully set out in the application of Max F. Bech- 
told and Omar E. Snyder, in application Serial 
No. 65,536, filed December 15, 1948. 
The particles of sol are quite dense and this 
may be shown by drying the particles and then 
determining the amount of nitrogen adsorption. 
From the nitrogen adsorption it may be deter- 
mined that the particles have a surface area 
not greatly in excess of that computed for the 
particle size as determined by e]ectron micro- 
graph. It will be evident that if the particles 
are hot dense but rather are porous then the 
apparent surface as determined by nitrogen ad- 
sorption will be much higher than that 
pected from the particle diameters. Nitrogen 
adsorption, accordingly, affords an easy meas- 
ure of the density of the particles. Summariz- 
ing then, the preferred sols for use as starting 
materials according to the present invention 
bave particles of such density that the surface 
area as determined by nitrogen adsorption is 
hOt greatly in excess of that computed for the 
particle size as determined by examination of 
an electron micrograph and the adsorption 
should hOt be more than about 30% greater 
than that computed from the apparent particle 
sizes. 
The method of determining the surface area 
by nitrogen adsorption is described in "A New 
Method for Measuring the Surface Areas of 
Finely Divided Materials and for Determining 
the Size of Particles" bY P. H. Emmett in "Sym- 
posium on New Methods for Particle Size De- 
termination in the Subsieve Range" in the Wash- 
ington Spring Meeting of A. S. T. M., Match 4, 
1941. 
According fo the processes of Bechtold and 
Snyder if is preïerred fo produce sols which bave 
a silica:alkali ratio of from 60:1 fo 130:1. This 
refers fo the weight ratio of total silica ex- 
pressed as SiO2 fo total alkali expressed as 
Na20. The ratio may be even smaller and may 
go down fo, say, 20:1 when the sols used are of 
moderately low concentration, say, below about 
70 15% SiOn. If wi11 be understood that if po- 
 tassium is used as an equivalent of sodium it 
should be used ai the saine molar ratios. Such 
sols are then deionized by ion-exchange accord- 
ing to the processes of my prior application Ser. 
75 No. 97,090, now abandoned, to give the preferred 
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silica dispersions for-.treatmenb with an organic 
nitrogen base according.. to the lresent inven- 
tion. 
Instead of using a process of - the Bird Pat- 
ent for preparing silica particles to be densi- 
fied by the processes of Bechtold and Snyder, 
the process o the ¥oorhees patent %457,971 can 
be used instead. Similarly any other, method 
of preparing a silica sol of low molecula» weight 
can be used fo prepare a sol which, will thon be 
used for the preparation of a. sol containing 
dense particles. 
Instead of the sols as above described, which 
have extremely dense particles, and very uni- 
form particle size, one may useinstead the.some- 
what 1,ess dense and non-uniform type ofprod- 
uct which can be marie by precipitation of a 
silica gel and redispersion with-alkali. Such a 
process is àescri.bed, for instance, in the White 
Patent %375,oE38. The products produced 
such processes contain considerable-amounts of 
impurities. The deionizing processes of 
above-mentioned prior application can accord- 
ingly be used fo advantage in removing, these 
impurities. The preferred processes of the in- 
vention and the preferred products of the in- 
vention, however, employ, starting sols as pre- 
viously described which are prePaçed bF ion- 
exchange because the rather great  amount of 
impurities and the lack of uniformity of the 
products just described leads fo slightly less 
perfect resutts than can be 0btained under, the 
best conditions. 
The products prepare d by. ediSle rsin of. sri- 
ica gel ordinarily have a good deal higher nitro- 
gon adsorption than would be indicated by ap- 
parent diameter. This shows considerable po- 
rosity. The nitrogen adsorption is about 50% 
greater than that computed. 
Stfll other silica sols may-be us_ed-and--if- will 
,be seen that iç is important only that they have 
a particle size from about. 15 fo 130 millimicrons 
and they should be reasonably- dense. If is this 
latter property which sharply  distinguishes the 
from sflica gels. Generally» if-may-be stated 
that for use in processes of the invention if 
preferred fo use sols, the pa-rticles of- which re 
uniform in diameter and have a diameter be- 
tween fifteen millimicrons, and one hundred and 
thirty millimicrons, the particles being uther 
characterized by having a densitF su_çh, th. the 
size as indicated by nitrogen adsorption is hot 
more. than about 30% greater than that_, com- 
puted from the apparent particle size. as 
termined by the electron micrograph More 
broadly, products may be used in whchthe ni- 
trogen adsorption indicates a size as much as, 
say, 100% greater than the. size as d,etrmined 
by examination of an electron micrograPh. 
The silica dispersion, fo be treate with an 
organic nitrogen base according- fo th prenent 
invention may also be prepared by bu_ilding up 
dense silica particles bF processes descred. 
Iler applica.tion - Ser. NO. 99,349, filed June 15, 
1949, and then redispersing the precipitated 
products, or carryirg, the. processes only fo the 
points of precipitation. According fo this 
method, an acid such as sulfuric iS added fo a 
hot (above ô0 ° C.) solution of sodium, silicate 
over a period of rime, The sodium io n concen- 
tration in the solution must hot exceed  0ne: nor- 
mal. 
An alternative method of effecting suph bBil!- 
up o dense pazticles is descr.ibed in application 
Ser. No. 9,.350,. file-. June_. 1:_ 1.48 b_y G, B, 

Alexander, R. K. Ilez, and mys¢f. According 
fo this method dense silica partic!es are ruade by 
heating a.silica sol to a temperature above 60 ° C. 
and adding thereto asflicate solution and enough 
5 of an acid fo maintain a pli from eight to eleven, 
the heating to above 60 ° C. and  the addition of 
silicate and acid beingcontinued af least.untfl the 
silica particles in the sol have reached an aver- 
age particle size greater than 15 millimicrons. 
10 The proportion of silica in the aqueous dis- 
. persion fo be treated, with an. organic nitrogen 
base. according to this invention may be varied 
considerably. If is preferred fo employ as high 
a concentration as feasible, and; as above indi- 
15 cated, di.culties due to. precipitatiorr are en- 
countered when the concentration greatlF ex- 
ceeds 30% SiO»by.weight-, atthough after adding 
the organic nitrogen base the. stabflity greatly 
improves» so that a repeptization even of pre- 
20 cipitated silica particles is possible, provided the 
particles have hot strongly agglomerated" af ter 
precipitation. 
THE ORGANIC. NITIOGEN BASE 
25 The organic nitrogen base employed in this in- 
vention may be of the amine type or the quater- 
nary ammonium type. In. either case if will con- 
tain organic groupe, attached to. the nitrogen 
atom. These organic groups may contain one or 
30 more carbon atoms, and they maF be aliphatic, 
aromatic, or heterocyclic. A single organic 
group may have more than one-point of. attach- 
ment fo the nitrogen atom,, and there may be 
one, two, or three organic groups on the nitrogen 
35 in the case of amines; quaternary ammonium 
bases will, of cottrse, have four. 
The structure, of the organic, nitrogen base 
must-be such that each organic substituent on 
the nitrogen atom contains no carbon atom far- 
4O ther removed from the nitrogen than 5 consec- 
utive carbon atoms. If the organic group is the 
normal amyl group, for example, the terminal 
carbon atom is 5 consecutive carbon atoms 
moved from the point of attachment. In the 
43 case of a phenyl group» the carbon of the benzene 
ring in the para position is only 4 carbon atoms 
removed from the point of attachment, because 
crbons may be counted' in either direction 
around the ring. Similarly a ben.zyl group» con- 
50 taining a methyl substituent on the benzene ring, 
comes.within the definition. 
The total number of carbon atoms, attached fo 
the nitrogen atom of the base exclusively through 
carbon must hot be more than 4 rimes the hum- 
55 ber of substituents. Thus, since quaternary 
bases contain 4 substituent carbon groups, the 
total number of carbons attached fo the nitrogen 
exclusively through carbon is 16. Similarly, the 
largest number of carbon atoms attached through 
60 carbon fo the nitrogen of an amine wfll be 3 
rimes 4, or 1, and if can be as large as this only 
in the case of tertiary amines. In the case of a 
primary amine, with only one substituent organic 
group, the total number of carbon atoms possible 
65 is 4. If will be understood that there, may be 
more carbon atoms, than 4 rimes the number of 
substituent gronls if th carbons are hot con- 
secutive but are joined throughother atoms such 
as oxygen. Thus, amines or quaternary am- 
0 monium bases substituted with po!yethylene ox- 
ide groups, in which the carbon groups are sepa- 
rated by oxygen atoms according to the arrange- 
ment N--(C--C--O) » are operable even when the 
total number of carbons is above, the limit set 
75 fo directly-connectd carb0r.. 



2,601,352 

7 
Among thé quaternary ammonium bases which 
may be used are those in which the ubstitUents 
on the nitrogen are aliphatic, alicyclic, aromatic 
or heterocyclic groups. The groups may all be 
the sarne, or may be different. ,Specific quater- 
nary ammonium hydroxides which may be used 
are those in .which the substituents are: Tetra- 
methyl, tetraethyl, tetraisopropyl, tetra-n-propyl, 
tetraisobutyl, tetra-n-butyl, tetra-sec.-butyl, 
tetra-tert.-butyl, or combinations of the fore- 
going, methyl-triamyl, dimethyldiamyl, dimethyl- 
diallyl, benzyltrimethyl, tetraethanol, trimethyl- 
ethanol, phenyltrimethyl, trhnethylcyclohexyl, 
n-methylpyridinium, n,n,-dimethyl piperidinium, 
n,n-dimethylmorpholinium. 
Among the amine bases which may be used are 
those in which the substituents on the nitrogen 
are aliphatic, aromatic, alicyclic, and heterocy- 
clic groups. They may be primary, secondary, 
or tertiary. The groups maY all be the saine or 
may be different. Specific amines which may be 
used are those in which the substituents are: 
Mono-di, or tri-methyl; mono-, di-, or tri-ethyl; 
mono-, di-, or tri-isopropyl; mono-, di-, or tri- 
n-propyl; mono-, di-, or tri-isobutyl; or combi- 
nations of the foregoing substituents; diethanol- 
phenyl; mono-cyclopropyl;, morpholine; mono-, 
di-, or tri-ethanolamine; pyrazine. Also useful 
are pyridine, piperidine, and similar cyclic com- 
pounds in which the nitrogen is in the ring. The 
aromatic amines are hot preferred because of 
limited solubility. 
THE PIEPAIATION OF THE SILICA-N BASE 
PIODUCTS 
To form a stablized sol Of the present inven- 
tion, a suitable aqueous silica dispersion and a 
suitab]e organic nitrogen base, as above .defined, 
are intimately mixed. The base is preferably 
water-soinble, and hence intimate mixture is ob- 
tained as it goes inte solution. Compatibflity of 
the more highly substituted amines with water is 
improved by the addition of a water-soluble or- 
ganic solvent such as ethyl alcohol, acetone, or 
other water-soluble alcohols or ketones. Agita- 
tion is, of course, a preferred way to effect 
mixing. 
The proportion of organic nitrogen base to sil- 
ica may be considerably varied. Substantial ef- 
fects on stability and similar properties of the 
silica are noticed when the nitrogen base is pres- 
ent in the amount of about 6% of the weight of 
silica. Larger amounts may advantageously be 
used, but it is preferred to lhnit the amount of 
nitrogen base to 50% of the weight of silica 
since above this amount, .depolymerization of the 
silica starts to occur to an undesirable extent. 
To make the solld products from the sols, water 
is removed by any suitable method. Evapora- 
tion at reduced pressure, or elevated tempera- 
ture, or both, may be used. Other methods, such 
as solvent extraction, may be employed in par- 
ticular instances. 
THE PRODUCTS 
The products of this invention, whether in sol 
or soHd form, are characterized by containing 
silica in the forrn of dense, ultimate particles 15 
to 130 millimicrons in diameter and by contain- 
ing, in intimate association with the silica, an 
organic nitrogen base as above described. The 
size of the silica ultimate particles may be de- 
termined from electron micrographs and their 
density by comparing specific surface area meas- 
urements calculated from .electron micrographs 
with specific surface areas calculated from ni- 
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trogen adsorption; preferably the 'latter should 
not exceed the former by more than 30%, or more 
broad]y, by more than 100%. 
The productS of this invention are useful for 
5 a wide variety of purposes. As compared with 
similar silica products containing no organic ni- 
trogen base they have improved stability against 
gelling and deterioration, particularly over a wide 
temperature range. They bave improved com- 
patibility with organic solvents and compounds, 
such as alcohols, acetone, and ketones generally0 
and like materials. They have substantially im- 
proved film-forming properties. 
Spechïc uses for which the products are par- 
ticularly well adapted include treating textiles 
and textile fibers to improve slip-resistance and 
snag-resistance; as adjuvants to fioor waxes for 
improving slip-resistance; as an ingredient of 
paints and coating compositions; as fillers in 
plastics and elastomers, as bodying-agents in 
greases; in adhesives; as carriers for insecticides 
and fungicide; as an intermediate in the prep- 
aration of phosphors for electrical purposes; in 
the preparation of catalysts; and in preparations 
generaily where an easily-removable stabilizer is 
required. 
Examples 
The invention will be more readily understood 
from the following illustrative examples. 
Example 1 
Tetramethyl ammonium hydroxide (10 parts) 
was added fo 350 parts of a colloidal silica sol 
which had been prepared by a build-up process 
35 and possessed the following properties: 
SiO2 .......................... percent__ 28.2 
Na ._ .......................... __do .... 0.02 
SO ............................. do .... 0.002 
40 pli ............................... do .... 3.49 
Molecular weight .............. millions__ 16.2 
Viscosity (25 ° C.) ........... centistokes__ 4.55 
Density ......................... g/ml.__ 1.19 
Da ....................... millimicrons__ 16.0 
Dg ............. : ................. do .... 19.0 
45 So .................... sq. meters/gram__ 143 
Su ............................... do .... 181 
Ds/D ................................. 1.19 
S/S ___= .............................. 0.79 
50 where: 
Molecular weight=value determined by light 
scattering measurements. 
D=Average particle diameter based on num- 
ber and diameter of particles measured on an 
55 etectron-micrograph of the sol. 
Dz=Average particle diameter based upon uni- 
form spheres having the saine average surface 
as the range of particles measured on electron 
micrograph. 
60 SN=Specific surface area as determined by 
nitrogen adsorption. 
s«---Specific surface area as calculated from 
Ds, the "surface area average diameter." The 
value Sc is calculated from the formula 
65 S 3OOO 
D/D---A measure of the distribution of par- 
ticle size. 
7O S«/SN-----A measure of the porosity of the ulti- 
mate particles. 
The stabilized sol resisted successive freezings 
at 12 ° C. and showed no indication of gelation 
upon three m0nth s storage at 95 ° C. The sol 
5 vas alto concentrated until the SiO contenV 
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had reached 50 .per cent and the resulting sol 
was stable toward freeziflg and storage Upon 
further conCentiation, the .sol deposited a clear, 
tough film which crkcked upon extensive dry- 
ing. The dried prodict, however, "dissolved" 5 
readiIy in water to yield a 'clear stable silica 
SOl. 
Silica sols stsbilized with this ouaternary m- 
monture hydroxide were compatible with both 
acetone and alcohol and could be inCorporated 10 
into sols of certain organic materials such as 
gelatin and .polyvinyl alcohol. 
MOrphOline (lO partS) Was added go the silica 15 
sol ,(50 parts) previousl described in Example 
i to yild-a Sol which ws Stable toward freez- 
ing at 12 ° . and shoed no-indication of gela- 
tion upon st0ràge at 95 ° C. This S01 also pos- 
sessed excellent Compatibility With water-misc- 20 
ible rgani¢ c0mpounds.. 
Examle , 3 
Aiother example of.thiS invention would be 
to add ethanolamine (10 parts) fo a sol (400 25 
parts) containing dense silica particles which 
tiad been prepared by a buildup process. A sol 
charaCterized by the following properties could 
be used: 
3O 
SiOn. ......................... per cent__ 30 
Na .............................. do .... 0.02 
SO4 ............................. do .... 0.002 
Molecular weight .............. millions__ 54.2 
Dengity ..................... degreeBé__ 24.9 35 
pli .................................... 3.5 
Dn ....................... millimicrons__ 28.4 
Ds ............................... do .... 31.8 
Sa ...................... Sq. meters/gram 97 
Se ............................... do .... 97 40 
DsfDn ................................. 1.12 
Sc/SN .................................. 1.00 
The symbols are deflned in Example I. 
The properties of this sol wotùd be compar- 
able fo those of the sols describid in Examples 45 
1 and 2. 
I claim: 
1. A solid, water-dispersible composition com- 
prising silica rnade up of dense, ultimate par- 
ticles 15 fo 130 millimicrons in diameter inti- 50 
mately mixed with an organic nitrogen base in 
which each organic substituent on the nitro- 
gen atom contains no carbon atom farther re- 
moved from the nitrogen than 5 consecutive 
carbon atoms and the total number of carbon 55 
atoms attached to the nitrogen exclusively 
through carbon is hot more than 4 rimes the 
number of substituent groups. 
2. A sol comprising an aqueous dispersion of 
silica maàe up of dense, ultimate particies 15 60 
fo 130 millimicrons in diameter intimately mixed 
with an organic nitrogen base in which each 
organic substituent on the nitrogen atom con- 
tains no carbon atom farther removed from the 
nitrogen than 5 consecutive carbon atoms and 65 
the total number of carbon atoms attached to 
the nitrogen exclusively through carbon is hot 
more than 4 rimes the number of substituent 
groups, the sol being substantially free of tons 
other than those of the organic nitrogen base. 70 
3. A solid, water-dispersible composition com- 
prising silica marie up of dense, ultimate par- 
ticles 15 fo 130 millimicrons in diameter inti- 
mately mixed with an organic nitrogen base, 
selected from the group c0rsisting of organic 75 

10 
amines and quaternary ammonium hydroxides, 
in which each organic substituent on the ni- 
trogen atom contains no carbon atom farther 
removed rom the nitrogen .than 5 consecutive 
carbon atoms and the total number o carbon 
atoms attached to the nitrogen exclusively 
through carbon is hot more than 4 rimes the 
number of substituent groups. 
4. A sol comprising an aqueous dispersion of 
silica marie up of dense, ultimate particles 15 
to 130 millimicrons in diameter intimately 
mixed with an organic nitrogen base, selected 
rom the group consisting of organic amines 
and quaternary, ammonium hydroxides, in which 
each organic substituent on the nitrogen atom 
contains no carbon atom farther removed -from 
the nitrogen than 5 consecutive carbon atoms 
and the total number of carbon atoms attached 
fo the nitrogen exclusively through carbon is 
hot more than 4 rimes the number of substit- 
uent groups, the sol being substantially ree of 
ions other than those of the organic nitrogen 
base. 
5. A solid, waterdispersible composition com- 
prising silica .marie up o dense, ultimate par- 
ticles 15 to 130 millimicrons in diameter inti- 
mately mixed with an organic nitrogen base, 
selected from the group consisting of organic 
amines and quaternary ammonium hydroxides, 
in which each organic substituent o.n the nitro- 
gen atom contains no carbon atom ïarther re- 
moved from the nitrogen than 5 consecutive 
cabon atoms and the total number of carbon 
atoms attached to the nitrogen exclusively 
though carbOn is hot more than 4 rimes the 
number of substituent groups, the proportion of 
nitrogen base being from 6 fo 50% oÏ the weight 
of the silica. 
6. A sol comprising an aqueous dispersion of 
silica marie up o dense, ultimate paticles 15 
fo 130 millimicrons in diameter intimately mixed 
with an organic nitrogen base, selected from 
the group consisting of organic amines and 
quaternary ammonium hydroxides, in which 
each organic substituent on the nitrogen atom 
contains no carbon atom farther removed rom 
the nitrogen than 5 consecutive carbon atoms 
and the total number o carbon atoms attached 
fo the nitrogen exclusively through carbon is 
hot more than 4 rimes the number of substituent 
groups, the proportion of nitrogen base being 
flore 6 to 50% oÏ the weight of the silica, and 
the sol being substantial]y ree o ions other 
than those of the organic nitrogen base. 
7. In a process or making silica sols the steps 
comprising making an aqueous dispersion of 
silica in the form o dense, ultimate particles 
15 to 130 millimicrons in diameter and intimately 
mixing with this dispersion an organic nitrogen 
base in which each organlc substituent on the 
nitrogen atom contains no carbon atom farther 
removed rom the nitrogen than 5 consecutive 
carbon atoms and the total number o carbon 
atoms attached to the nitrogen exclusively 
through carbon is hot more than 4 rimes the 
number o substituent groups. 
8. In a process for making silica sols the steps 
comprising making an aqueous dispersion of 
silica in the form of dense, ultimate particles 15 
fo 130 millimicrons in diameter and intimately 
mixing with this dispersion an organic nitrogen 
base in which each organic substituent on the 
nitrogen atom contains no carbon atom farther 
removed from the nitrogen than 5 consecutive 
carbon atoms and the total number o carbon 
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atoms attached to the nitrogen exclusively 
through carbon ls not more than 4 rimes the 
number of substituent groups, the proportion of 
nitrogen base being from 6 to 50 % of the weight 
of the silica, and the sol being substantially free 
of ions other than those of the organic nitrogen 
base. 
9. In a process for making solid, water-dispers- 
ible compositions the steps comprising making 
an aqueous dispersion of silica in the form of 
dense, ultimate particles 15 to 130 millimicrons 
in diameter and intimately mixing with this 
dispersion an organiCnitrogen base in which 
each organic substituent on the nitrogen atom 
contains no carbon atom farther removed from 
the nitrogen than 5 consecutive carbon atoms 
and the total number of carbon atoms attached 
to the nitrogen exclusively through carbon is 
not more than 4 rimes the number of substituent 
groups, and rem0ving water from the mixture 
until it solidifies. 
10. In a process for making solid, water-dis- 
persible compositions the steps comprising mak- 
ing an aqueous dispersion of sllica in the form 
of dense, ultimate particles 15 to 130 millimi- 
crons in diameter and intimately mixing with 
this dispersion an organic nitrogen base in which 
each organic substituent on the nitrogen atom 
contains no carbon atom farther removed ffom 
the nitrogen than 5 consecutive carbon atoms 
and the total number of carbon atoms attached 
to the nitrogen exclusively through carbon is 
not more than 4 rimes the number of substit- 
uent groups, the proportion of nitrogen base be- 
ing from 6 to 50% of the weight of the silica, 
and removing water from the mixture until it 
solidifies. 
11. A sol comprising an aqueous dispersion 
sflica made up of dense, ultimate particles 15 to 
130 millimicrons in diaieter lntimately mixed 
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with an organic quaternary ammonium base in 
which each oganic substituent on the nitrogen 
atom contains no carbon atom farther removed 
from the nitrogen than 5 consecutive carbon 
5 atoms'and the total number of carbon atoms at- 
tached to the nitrogen exclusively through car 
bon is not more than 4 rimes the number of sfib 
stituent groups. 
12. A sol comprising an aqueous dispersi0n.of 
10 silica made up of dense, ultimate particles 15 
to 130 millimicrons in diameter intimately mixed 
with tetramethyl ammonium hydroxide, the sol 
being substantially free of ions other than those 
of the tetramethyl ammonïum hydroxide. 
15 13. A sol comprising an aqueous dispersion of 
silica ruade up of dense, ultimate particles-15 
to 130 millimicrons in d-iameter intimately mixed 
with ethylamine, the sol being substantially free 
of ions other than those of the ethylamine, r., 
20 14. A sol comprising an aqueous dispersion, of 
silica made up of dens.e,-ultimate particles 15 
to 130 millimicrons in diameter intimately mixed 
with triethanolamine, the sol being substantially 
free of ions other than those of the triethanol- 
2 amine. 
15. A sot comprising an aqueous- dispersion 0ï 
silica made up of dense, ultimate particles 15 to 
130 millimicrons in. diameter intimately mixed 
with morpholine, the sol being substantially free 
30 of ions other than those of the morpholine. 
FREDEtICK J. WOLTEt. 
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